ELECTRON MICROSCOPY – AN OVERVIEW by Priya, Anjali et al.
International Journal of Students’ Research in Technology & Management 
eISSN: 2321-2543, Vol 5, No 4, 2017, pp 81-87 
https://doi.org/10.18510/ijsrtm.2017.5411 
 
81 |www.ijsrtm.in                                                                                                                                     ©Authors 
ELECTRON MICROSCOPY – AN OVERVIEW 
 
Anjali Priya
1
, Abhishek Singh
2
, Nikhil Anand Srivastava
3
 
1,2,3
Department of Electrical & Instrumentation, Sant Longowal Institute of Engg. & Technology, Sangrur, India. 
email: anjalipriya22july@gmail.com 
 
Article History: Submitted on 15th September, Revised on 17th November, Published on 30th November 2017 
Abstract: The electron microscope (EM) is one of the most widely used instruments in research laboratories 
and is central based to micro-structural analysis and therefore important to any investigation related to the 
processing. The SEM/TEM provides information relating to topographical features, morphology, phase 
distribution, compositional differences, crystal structure, crystal orientation, and the presence and location of 
various defects. The strength of the SEM lies in its inherent versatility due to the multiple signals generated, 
simple image formation process, wide magnification range, and excellent depth of field. Later The SEM has 
more than 300 times the depth of field of the light microscope. The higher magnifications of the SEM are 
rivaled only by the transmission electron microscope (TEM) which requires the electrons to penetrate through 
the entire thickness of the sample. TEM images allow researchers to view the samples on a molecular level, 
making it possible to analyze structures and texture clearer and resolute which is useful in the study of crystals 
and metals and also has industrial applications.  As a result, sample preparation of bulk materials through TEM 
is tedious and time-consuming compared to the ease of SEM sample preparation and may also damage the 
microstructure. 
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INTRODUCTION 
During the 1st century AD (year 100), glass had been invented and the Romans were looking through the glass 
and they experimented with different shapes of clear glass. One of their samples was thick in the middle and 
thin on the edges and these lenses were called magnifiers or burning glasses. The technology of microscopes 
began when people noticed that an object was enlarged as they looked through a thickened piece of glass or 
"lens". Lenses that were used in items such as eye glasses, were not documented until the 10th century by the 
Chinese.  Geometric optics was a flourishing science in ancient Greece using mirrors and lenses to learn about 
mathematical relationships. Their first microscopes were more of a novelty than a scientific tool since maximum 
magnification was only around 9X and the images were somewhat blurry. The microscope was said to have a 
magnification of 3x when fully closed and 9x when fully extended [1]. Before the light microscope was 
invented in the 16th century, optical lenses were already being used for various purposes. 
 
Figure 1. Image of fly foot taken by Robert Hooke 
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The light microscope is also known as an “optical microscope”. It is a device that makes use of light to detect 
and study organisms or objects that are too tiny to be seen by the naked eye and it is often used in laboratories 
for scientific research [1,2] . In 1665 Robert Hooke has taken observations through various lenses to 
illustrate insects, plants, etc. described in his own book Micrographia which is a collection of 
superlative microscopic observations and fine-art drawings as shown in fig1 [3]. 
TYPES OF LIGHT MICROSCOPES 
SIMPLE LIGHT MICROSCOPES use a single lens to magnify an object and cannot reach high magnification 
 
Figure 2. Image of Simple Light Microscope 
COMPOUND LIGHT MICROSCOPES use two sets of lenses - an objective lens and an eyepiece - to produce images. 
Monocular microscopes have one eyepiece while binocular microscopes have two eyepieces and reduces eye 
strain. 
 
Figure 3. Image of Compound Light Microscope 
By the middle of the 19th century, microscopists had accepted that it was simply not possible to resolve 
structures of less than half a micrometer with a light microscope. German physicist Ernst Ruska and the 
electrical engineer Max Knoll constructed the prototype electron microscope in 1931, capable of four-hundred-
power magnification. The apparatus was the first demonstration of the principles of electron microscopy. Two 
years later in 1933, Ruska built an electron microscope that exceeded the resolution attainable with an optical 
(light) microscope [4]. 
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ELECTRON MICROSCOPE 
In electron microscope the light source is replaced by an electron source, the glass lenses are replaced by 
magnetic lenses and the projection screen is replaced by a fluorescent screen .It emits light when electrons strike 
on it as shown in Table 1 [5]. 
Table 1. Comparison chart for Light microscope and Electron microscope 
TYPES OF ELECTRON MICROSCOPE 
 Scanning Electron Microscopy (SEM) 
 Transmission Electron Microscope (TEM) 
SCANNING ELECTRON MICROSCOPY (SEM) 
 
 
Figure 4. Image of Scanning Electron Microscopy 
Light microscope Electron microscope 
Simple to use Users require technical skills 
Can view both live and dead specimens Views only dead specimens 
Poor surface view Good surface view and internal details 
Uses light rays to illuminate specimens Uses a beam of electrons to view specimens 
Lenses are made of glass Lenses are made of electromagnets 
Low resolving power, usually below 
0.30µm. 
High resolving power of up to 0.0001µm. 
Low magnification of up to 1,500x High magnification of up to 1,000,000x 
Images are viewed by the eyes through the 
eyepiece 
Images are viewed on a photographic plate 
or zincsulphate  fluorescent screen 
It does not require vacuum It requires high vacuum 
Cheap to buy and has low maintenance 
costs 
Very expensive to buy and maintain 
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OPERATION 
In SEM, a source of electrons is focused in vacuum into a fine probe that is rastered over the surface of the 
specimen. The electron beam passes through scan coils and objective lens that deflect horizontally and vertically 
so that the beam scans the surface of the sample (Figure 4).As the electrons penetrate the surface, a number of 
interactions occur that can result in the emission of electrons or photons from or through the surface. A 
reasonable fraction of the electrons emitted can be collected by appropriate detectors, and the output can be used 
to modulate the brightness of a cathode ray tube (CRT) whose x- and y- inputs are driven in synchronism with 
the x-y voltages rastering the electron beam. In this way an image is produced on the CRT; every point that the 
beam strikes on the sample is mapped directly onto a corresponding point on the screen. As a result, the 
magnification system is simple and linear magnification is calculated by the equation: 
M=L/l                                                                     (1) 
 Where L is the raster’s length of the CRT monitor and l the raster’s length on the surface of the sample. SEM 
works on a voltage between 2 to 50kV and its beam diameter that scans the specimen is 5nm-2μm. The principle 
images produced in SEM are of three types: secondary electron images, backscattered electron images and 
elemental X-ray maps. Secondary and backscattered electrons are conventionally separated according to their 
energies. When the energy of the emitted electron is less than about 50eV, it is referred as a secondary electron 
and backscattered electrons are considered to be the electrons that exit the specimen with energy greater than 
50eV. Detectors of each type of electrons are placed in the microscope in proper positions to collect them. 
The SEM produces images as a result after detecting secondary electrons emitted from the surface due to 
excitation of the      primary electron beam as shown in Fig 4. The SEM is able to interact image bulk samples 
and has a much greater depth of view and so can produce images that are a good representation of the 3D 
structure of the sample as in Fig 5 [6,7]. Electron microscopes produce greyscale images. However, "false-
colour" electron micrographs are common and can be very beautiful. 
 
Figure 5. Image of fly foot taken by SEM 
METHODS OF PARTICLE SIZE AND ASPECT RATIO DETERMINATION 
The particle size can be determined with a program such as Image Tool or annotate either automatically or 
manually. Here, manual determination is preferred, because sometimes the particle boundaries are indistinct, 
and the software may interpret them incorrectly. The PSDs reflect the statistical result from all sections for each 
sample. As these are rod like particles the aspect ratios of rod-like particles are evaluated by comparing the 
particle size distribution data derived from SEM analysis following the techniques described by Jennings and 
Parslow (1988) [8]. Length/width ratios are satisfactorily determined the aspect ratio value. 
THE APPLICATIONS OF SCANNING ELECTRON MICROSCOPY 
SEMs have a number of applications in scientific and industry-related fields especially where characterizations 
of solid materials is beneficial such as topographical, morphological and compositional information and can 
detect & analyze surface fractures, provide information in microstructures, examine surface contaminations, 
provide qualitative chemical analyses and identify crystalline structures. This is an essential tool for life science, 
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biology, gemology, medical and forensic science and metallurgy. SEMs have also practical, industrial and 
technological applications such as semiconductor inspection, production line of miniscule products and 
assembly of microchips for computers. . Modern advancement in SEM has made the generation of data in digital 
form [7]. 
TRANSMISSION ELECTRON MICROSCOPY (TEM) 
 
Figure 6. General layout of a TEM 
The Transmission electron microscope is a very powerful tool for material science. In it high energy beam of 
electrons is passed through a very thin sample and the interactions between the electrons and the atoms can be 
used to observe features such as structure like dislocations and grain boundaries as shown in Fig 6 [9]. High 
resolution can be used to analyze the quality, shape, size and density of quantum wells, wires and dots [10]. 
BASIC PRINCIPLE AND IMAGING 
In TEM, for analyzing the structures electrons are used instead of light. Its images has better magnitude  than 
light microscope because its wavelength of electrons are much smaller than that of light microscope. Thus, 
TEMs can reveal the finest details of internal structure - in some cases as small as individual atoms. By using 
condenser lens the beam of electrons from the electron gun is focused into a small, thin, coherent beam fig 7 [9 
]. This beam is restricted by the condenser aperture then the beam  strikes the specimen after it the beam is 
transmitted depending upon the thickness and electron transparency of the specimen. This transmitted portion is 
focused by the objective lens into an image on phosphor screen or charge coupled device (CCD) camera. The 
image then passed down the column through the intermediate and projector lenses then it is enlarged all the way. 
The images strike the Phosphor screen and light is generated allowing the user to see the image. The darker 
areas of the image present those areas of the sample that fewer electrons are transmitted through while the 
lighter areas of the image represent those areas of the sample that more electrons were transmitted through 
[10,11]. 
 
Figure 7. A ray diagram for the diffraction mechanism in TEM 
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APPLICATIONS 
A Transmission Electron Microscope is used in all the applications of SEM in addition to that the images allow 
researchers to view samples on a molecular level making it possible to analyze structure and texture. This 
information is useful in the study of crystals and metals but also has industrial applications. TEMs can be used 
in semiconductor analysis and production and the manufacturing of computer and silicon chips. Technology 
companies use TEMs to identify flaws, fractures and damages to micro-sized objects; this data can help fix 
problems and/or help to make a more durable, efficient product. Colleges and universities can utilize TEMs for 
research and studies. Students will have the opportunity to observe a Nano-sized world in incredible depth and 
detail. SEM and TEM properties are shown in Table 2 below [12]. 
Table2. Comparison chart for SEM and TEM 
CONCLUSION 
Limitations of light microscopy led to the development of electron microscopy from SEM to TEM. SEM/TEM 
use the application of  a number of scientific and industry-related fields, especially where characterizations of 
solid materials is beneficial as topographical, morphological and compositional information, can detect and 
analyze the surface fractures, provide information in microstructures, examine surface contaminations, reveal 
spatial variations in chemical compositions, provide qualitative chemical analyses and identify crystalline 
structures. As the TEM cost is high and sample preparation is time consuming but its resolution is far better than 
SEM such as it can easily resolve details of 0.2nm as well as used for determining the multiple characteristics of 
specimen. 
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